The paper attempts to determine statistical correlations between the Knowledge Economy Index (KEI) and the measure of men and women's equali-ty/inequality reflected in the Gender Equality Index. According to the authors' hypothesis such correlations exist. The authors chose the methods of estimation of functional interdependencies between the selected data (KEI, GEI) for the states of the European Union. The analysis confirmed the occurrence of statistically significant positive correlations between the studied indicators, proving that the knowledgebased economy encouraged gender equality. The strongest correlations with the knowledgebased economy were found for such components of the Gender Equality Index as "Time", "Work" and "Knowledge", lesser ones for "Money" and "Health" and the smallest for "Power".
Introduction
Although the member states of the European Union guarantee complete gender equality in all aspects of life and work by binding provisions of law, statistical data reveal that equality is not perceived as such. This issue has been present in scientific analyses for years. However, there are not enough in-depth studies of this problem in the environment of the knowledge-based economy. Considering that nowadays it is this economy that is growing the fastest, it is important to diagnose whether it encourages gender equality. This issue has not only social but economic aspects, too, because the greater application of women's potential in the economy, especially considering the global deficiency of talents, as reported by entrepreneurs [Trwa niedobór talentów 2014] , is of strategic importance. Therefore the main objective of the paper is to verify the existing correlations between gender equality and a knowledge-based economy based on the Knowledge Economy Index (KEI) and the Gender Equality Index (GEI). The conducted research served to verify the hypothesis that there exist such correlations. In the analysis, the authors applied the method of estimation of functional correlations between the selected data of KEI and GEI indices for the member states of the European Union.
Terminology considerations and description of the Gender Equality Index and Knowledge Economy Index
Gender equality is a complex and multi-dimensional concept, as well as a normatively and politically controversial subject, with a diversity of meanings used across Europe [Verloo and Lombardo 2007] . The European Commission defines gender equality as "the result of the absence of discrimination on the basis of a person's sex in opportunities and the allocation of resources or benefits or in access to services" [The Strategy for equality... 2010 ]. An expanded definition is provided in the European Commission Women's Charter [A strengthened commitment to equality... 2010] which focuses on the following elements:
• life choices and economic independence;
• the full realisation of women's potential and full use of their skills;
• a better gender distribution in the labour market, more quality jobs for women; • the promotion of genuine opportunities for both women and men to enjoy a work-life balance; • human dignity, the right to life and the right to personal integrity.
The Gender Equality Index is based on a simplified overarching definition of gender equality: the equal share of assets and the equal dignity and integrity of women and men [Gender Equality Index, Report 2013, p. 7] .
The Gender Equality Index gives a comprehensive map of gender gaps in the EU and across its member states based on the EU policy framework. It aims at:
• providing a synthetic measure of gender equality that is easy to understand and to communicate; • giving a tailor-made composite indicator measuring gender equality at EU level and within the member states; • providing a tool to support decision-makers in assessing how far (or close) a given member state is from reaching gender equality;
• allowing relevant comparisons in different gender equality domains;
• measuring achievements in the area of gender equality over time. The Gender Equality Index is a tool which can reconcile different perspectives and definitions of gender equality and adds value to other existing measures of gender equality. It adopts a gender approach that measures gaps between women and men [Gender Equality Index, Main findings… 2013].
The index aims at reconciling different perspectives on gender equality that are present at policy and theoretical levels, including approaches of sameness [Verloo and Lombardo 2007] difference [Walby 2005 ] and transformation [Walby 2005; Walby 2009 ]. The conceptual framework of the Gender Equality Index consists of eight domains: the first six (work, money, knowledge, time, power, health) being combined into a core index and an additional two satellite domains (intersecting inequalities and violence). The satellite domains are conceptually related to gender equality, but cannot be included in the core index because they measure an illustrative phenomenon -that is, a phenomenon that only applies to a selected group of the population [Gender Equality Index, Main findings… 2013].
The domain of work also considers how women and men get on in the labour market by analysing the issue of quality of work (participation, segregation, quality of work). The domain of money examines financial resources. This includes pay, earnings and other forms of income, for example social transfers. The domain of knowledge shows the differences between women and men in terms of education and training. The fourth domain of time focuses on the trade-off between economic, care and other social activities (including cultural, civic, etc.) . This has not been fully translated into a more equal share of time spent on caring activities. On the contrary, the decreasing differences in time spent on caring activities are due to women's reduced involvement rather than men's greater contribution. As a result, this can translate into fewer opportunities to spend time on other activities, including social, cultural or civic activities [Gender Equality Index, Main findings… 2013] .
The domain of power examines how the attainment of gender equality can be affected by women's lack of participation in decisionmaking (for example in economic institutions, including on the boards of the largest quoted companies, political levels, in top positions on scientific boards, as university rectors or in the judiciary, etc.). The last of the core domains is health. It focuses on the differences [Nardo et al. 2008] .
The analysis of the published opinions confirms that no unequivocal and universally accepted definition of the knowledgebased economy has been developed yet 1 . As defined by the OECD, this is an economy which relies directly on the production, distribution and application of knowledge and information. In this approach, knowledge is defined as a product and as a factor which drives economic growth [The future of the global economy… 1999]. This is an economy where knowledge is developed, learned, provided and applied more effectively by enterprises, organisations, individuals and communities, contributing to the fast development of the economy and society [Korea and the knowledge based economy… 2000]. According to the definition by the European Commission, such an economy involves the commercial retrieval of new technologies, ideas or methods, which are used to introduce new products and processes or to improve previous ones [Simmie et al. 2002] . In an economy in which the share of labour which applies knowledge intensively is high, the share of information sectors in the economy is a determining factor and the share of intangible assets in the total actual capital is bigger than that of tangible assets [Foray 2004, p. 9] . This is an economy supplied by innovation, technology and talents [Northern Ireland Knowledge Economy Index… 2011] .
The most frequently used and seemingly the least controversial definition is the one suggested by international institutions such as the OECD and the World Bank, which have been involved in the measurement of a knowledge-based economy for years. The authors decided to enrich it with the aspect of knowledge as a factor of competitive advantage, as mentioned by [Koźmiński 2001 ] and other researchers. Consequently, in this paper, a knowledge-based economy is defined as an economy in which knowledge is created, learned, diffused and used more effectively by enterprises which rely on it in their competitive advantage [Kupczyk 2014 ].
The Knowledge Economy Index (KEI), takes into account whether the environment is conducive for knowledge to be used effectively for economic development. It is an aggregate index that represents the overall level of development of a country or region towards a Knowledge Economy. The KEI is calculated based on the average of the normalised performance scores of a country or region on all four pillars related to a knowledge economy: economic incentive and institutional regime, education and human resources, the innovation system and ICT.
• An economic and institutional regime to provide incentives for the efficient use of existing and new knowledge and the flourishing of entrepreneurship.
• An educated and skilled population to create, share, and use knowledge well.
• An efficient innovation system of firms, research centres, universities, consultants and other organisations to tap into the growing stock of global knowledge, assimilate and adapt it to local needs, and create new technology.
• Information and communication technology to facilitate the effective creation, dissemination, and processing of information [Chen and Dahlman 2005] .
In/equality of women and men vs. knowledge-based economy -current condition
According to the reports of 2013, the average value of the Gender Equality Index for member states of the European Union (U-27) was 54.0 (the scale: 1 -absolute lack of equality, 100 -complete equality). ]. An analysis of particular components of the Gender Equality Index 2013 reveals differences in inequality of women vs. men in various aspects. However, in no aspect has equality been observed. The best situation was revealed in the health aspect. The specific index for this area is composed of: subjective perception of health, expected lifespan at birth, expected healthy lifespan at birth and range of satisfied needs concerning medical and dental care. The indicator for the EU-27 was 90.1, and for Poland -82.6. It turned out that in the case of Poland, as in other countries of the European Union, this is an area where inequalities of women and men are the least. The lowest values of component indicators were noted in the area of "time" (EU -38.8, Poland -20.9), which proves that women who work professionally devote significantly more time than men to caring for children or grandchildren, helping them with homework, for housework and cooking. They devote less time to sport, culture, social activities etc. The only exception concerns voluntary activities where the level for both genders is the same. Big differences were also identified for the component indicator of "power" (EU -38, Poland -34.5). This element concerns participation in power and decision making, for instance in economic institutions (including boards of the largest companies quoted on the stock exchange), the highest positions in politics, education, science, courts etc. This shows that women in Poland are ministers, members of parliament, members of local governments significantly less frequently than in the rest of the EU. The frequency in the EU and Poland is equal for membership of boards of big corporations, and women in Poland are members of the Central Bank more frequently. However, this situation cannot be described as satisfactory.
The other index we have analysed is the Knowledge Economy Index 2012 (KEI), which described a knowledge-based economy. In this ranking the highest positions are taken by Sweden, Finland and Denmark (Table 1) . 
Methods
A detailed description of methodology of calculating GEI is described in the report [Gender Equality Index, Report 2013] . Data in Table 1 originates from [Gender Equality Index, Country Profiles 2013]. Here, Therefore it would be interesting to verify the correlations of proximity of GEI values and their structural similarity, as well as the correlations between the proximity of KEI values and GEI structure. The proximity (similarity) of the GEI indices' structure will be described by the Euclidean distance with the following formula
where j i x , is the value of the GEI th i component for the th j country according to numbers in Table 2 . The distance 0 d = signifies identical components, so a low d value reflects the proximity or similarity of GEI structures.
We tried to reduce the countries to a small group of countries which are similar according to d distance estimated according to formula (2). To do so, we applied the divisive method of cluster analysis. We used the convenient and well known method of Wroclaw taxonomy [Florek et al. 1951 ], re-discovered many years later (an example paper [Gower and Ross 1969] and monograph [Anderberg 1973] ).
The method of elements' grouping in Wrocław taxonomy involves finding a minimal spanning tree (a tree of minimal sum of the weights of its edges) in a complete graph where the apices are the grouped elements and the edges' weights are the distances between the elements. Next, from the resultant minimal tree we removed the edges from the largest to the smallest weight, obtaining subsequent sub-trees of the initial trees. The apices of these sub-trees correspond to the elements' groups achieved at subsequent stages of division. The algorithms of finding minimal trees are greedy algorithms, so they are very efficient (cf. [Cormen et al. 2009 ], section 23) and they are implemented in multiple editions of mathematical symbolic computation software 4 . Here, the graph's apices are countries and the distance which represents the dissimilarity of [ ]
structures of GEI for particular countries is estimated according to formula (2). Zero dissimilarity signifies the identical structure of GEI index, while a big d distance means the high dissimilarity or low similarity of GEI structures. Source: own elaborations. 4 Here, we applied the minimum_spanning_tree procedure of Maxima software.
Teresa Kupczyk, Wojciech Kordecki We selected a couple of countries with the lowest d distance, then another couple of the next lowest d distance, excluding however those couples of countries which are joined by the chain of the previously selected country pairs. As a result, we obtain the minimal tree shown in Figure 1 .
The obtained weight (distance) values are shown in Table 4 in decreasing sequence according to the tree shown in Figure 1 . For comparison, two columns on the right present differences of GEI and KEI indices for edges of the minimal tree corresponding to the couples of countries. As shown, countries which are close for their (2) results and make a pair in the tree in Figure 1 , are not proximal with respect to the differences of the GEI and KEI indices. On the contrary, countries which are proximal with respect to the GEI difference (or even identical, as in the case of the Czech Republic and Latvia) are not close with respect to (2) result, where the difference is 31.02. Similarly for KEI. Poland and Latvia have an identical KEI value of 7.41. Meanwhile, the distance of (2) result is 20.6126.
The above remarks also explain the observed fact that the correlation between the GEI and KEI indices is larger (often significantly larger) than the correlations between the KEI result and components of GEI.
Therefore it would be interesting to compare the correlations between the proximities of the countries which are in the minimal tree and the differences between their GEI and KEI indices which are given in the column (1) In other words, the similarities between countries when considering the differences of GEI value and similarities between countries when considering (2) distances, are of a significantly different structure.
Next, we analysed the process of country grouping based on the criterion of similarities of the structure of GEI index. By removing the edge of the largest weight from the minimal tree, that is the (BE,NL) pair, we obtained a division between Sweden, Finland, Denmark, the Netherlands and other countries. The removal of the next edge -(SI,EE) pair results in the separation of Estonia. The removal of another pair (AT,EL) brought a division into further two groups. SE, FI, DK, NL, EE, LU, IE, SI, DE, AT, CY, EL, MT, HU, PT, CZ, SK, IT, BG, RO, PL, LT, LV.
Conclusions
The presented analyses permit a conclusion that nowadays there is no equality of women and men in any state of the European Union for such areas as "Work", "Knowledge", "Money", "Health" and "Power". This is worrying not just because of social justice, but also for economic aspects, as the higher participation of women on the labour market and in management and decision-making may become a good solution to soothe demographic problems, as well as modern deficiencies of the supply of relevant candidates for many posts, including top management positions. However, this does not affect the fact that the question whether and when women and men will achieve equal opportunities still remains unanswered. Furthermore, this fact should encourage a discussion about the efficiency of efforts taken by the European Union in this area over the last decade, especially considering the financial resources allocated to this objective.
The results of the study suggest the acceptance of the hypothesis as right. Therefore, there are positive, statistically significant correlations between the knowledge-based economy according to the Knowledge Economy Index (KEI) and the degree of equality of women and men as reflected in the Gender Equality Index. It seems justified to conclude that the more knowledge-based the economy is, the larger the gender equality. The strongest correlation with the knowledge-based economy was found for such components of the Gender Equality Index as "Time", then "Work" and "Knowledge", and the weakest correlations for "Money", "Health" and "Power". It should be added that all those correlations were very strong. The overall conclusion is that a knowledge-based economy encourages more equal chances for women and men.
In this context, the authors have developed the following postulates.
• Efforts to provide equal chances for both sexes should be continued.
• Definitelyly, mechanisms to make it easier to reconcile family and professional roles should be improved in number and effectiveness, e.g. by promoting flexible employment and the shared care of children, especially when the children are sick (alternation of sick leaves for the mother and father).
• Gender-related differences in pay should be levelled by special strategies combining all available instruments, including legal provisions.
• Effort should be made to promote and to impact on the participation of women in top management in the economy, administration, science and politics.
• More government programmes should be aimed at women to support them in life and on the labour market.
• Achieving gender equality should become the main objective, as it will permit the building of a better functioning and wealthier state. The involvement of women in professional, social and political life is an immense potential which should not be wasted.
